ROS-MODEL

COMBINE MDE WITH ROS EVERYDAY CODE

Nadia Hammoudeh Garcia

~ Fraunhofer

/

IPA



WHY? ROS lacks -> MDE advantages

D N N N NN

Fast prototyping
Maximally flexible
Collaborative environment

Hardware independent

No quality standards
No specifications enforced

Lots of manual code -> Quality depends on the
developer

No validation at design time -> Runtime test

Model-Driven-Engineering potential benefits?

Design patterns in application domains

Model checker techniques

Generation of code -> Less error-prone
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Combine MIDE and ROS? New?

B Traditional MDE approach Model-to-text to ensure code quality but for ROS case...
Boilerplate code low acceptance by ROS community
Hard to create and maintain THE code template

This approach ignores the 4000 hand-written open-source ROS packages

sﬁql\ljet

ZPAICE  consmns

Bundesministerium
Code generator Model extractor ﬁlfﬁ'wmf'

und Energie

-> Static code analysis

aufgrund eines Beschlusses
des Deutschen Bundestages

-> Runtime monitor
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Automatic extraction of ROS models - for single nodes and full systems

- Static code analysis: https://github.com/git-afsantos/haros

Extract information without executing the code :;: H V R O S
00

Support single nodes and launch files
.i. HASLab
- Runtime monitor: https:/github.com/ipa-led/ros graph parser

Extract model from a running systems e/
Parser for rosgraph Scal ABLE4.0

5 '-_ This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 723658.
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https://github.com/git-afsantos/haros
https://github.com/ipa-led/ros_graph_parser

Contribution
1) Models (Ecore format)

ROS Metamodel ROSSystem Metamodel

ROS package information Groups of nodes

Nodes and their interfaces (topics, services, Declare namespaces

actions)
Remap interfaces

Communication objects (msgs, srvs, actions

types)
(roslaunch file information)

. Q) https:/github.com/ipa320/ros-model ~Z Fraunhofer
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https://github.com/ipa320/ros-model

Contribution
2) Tooling (eclipse based)

M Graphical interface

M Graphical model editors

B DSLs associated to the models
Languages parser, typechecker and editor
Rules for models validation

Compiler to generate code

B Release available

-> http://ros-model.seronet-project.de/updatesite/

EMODELIMG =RAKME

@ - 0 ws-platform:/resource/cob_light/representations.aird/cob_light - SeRoNet Tooling Collection

emf L7 sirius " Xtest

(iR g @ v HRPS HIEDS s;sn{ dwps I Q vi il - AR g - [Quick Access | =R
I Project Explorer 2 = <§> ¥ = B | & cob_light 2 | 5 cob_light.ros = B
~&cob_light WoeBiv f O~ B &~ ~ @& @ [100% ~| m & palette b

» = Project Dependencies NEEIEDS

T (=msgs =

~ 4 Package Set
-+ Package cob_light # Node
¥ 4 Topic Spec ColorRGBAArray command .AdslPﬁS
» 4 Topic Spec LightMode /scan_unified = tp:picls e
* 4 Topic Spec Sequence set_light Add ROS
» 4 Topic Spec SetLightModeAction stop_mode subscriber
» 4 Topic Spec SetLightModeActionFeedback topic
» 4 Topic Spec SetLightModeActionGoal .Add ROS
¥ 4 Topic Spec SetLightModeActionResult service
¥ 4 Topic Spec SetLightModeFeedback server
» 4 Topic Spec SetLightModeGoal .Add ROS
» ¢ Topic Spec SetLightModeResult sgrvice
} <4 Service Spec SetLightMode client
¥ 4 Topic Spec LightModes Ad?‘ ROS
» 4 Service Spec StopLightMode 2;::’0&?
~(=rosnodes
~ Hcob_light.ros .:St?oflos
» 4 Package Set client
~ [ representations.aird ﬁgﬁ Add ROS
~+§ component Parameter
- & Artifact diagram
& cob_light
+iZ de.fraunhofer.ipa.ros.communication.objects Cl Properties 22 M ¥ = 0O
4 Artifact cob_light
Main ~ Properties
Eemants Name: @ cob_light
Behaviors
Documentation
Rulers & Grid
Appearance
synchronized diagram =) = ]

() https://github.com/ipa320/ros-model
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http://ros-model.seronet-project.de/updatesite/
https://github.com/ipa320/ros-model

Contribution
3) HAROS extractor as web service

< C . 0 | ros-modelseronet-project.de e
P ST Tt Mt e TR

Web interface: http://ros-model.ser

® ROS node extractor: ROS Model Extractor Sﬁewt <+ HYROS

Generates the equivalent RC
B Launch file extractor:

cob_sick_s300.ros
Generates ROSSYStem mOdeI Sit reposito PackageSet { package {

https://github.com/ipa320/cob_driver CatkinPackage cob_sick_s388 { artifact {
Artifact cob_sick_s38@ {
node MNode { name cob_sick_s39@
publisher {

Publisher { name 'scan' message 'sensor_msgs.laserican'l,

cob_sick_s300
Publisher { mame 'scan_standby' message "std_msgs.Bool'l,

Publisher { mame '/diagnostics' message "diagnostic_msgs.Diagnosticarray'}}

T 133533
For private packages: Docker confi¢  cobsicsao
cloud

SUBMIT =

\
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http://ros-model.seronet-project.de/
https://github.com/ipa320/ros-model-cloud

Benefits and applications

1) “ROS1” and ROS2 code generator

W “Boilerplate” code generator( templates for C++)

M Extract model from “ROS1” code and auto
generate its equivalent model for ROS2

£ cob_light &=
BvHiv SOy yEEday @ &S ~ | [ i* Palette
NECTERIT
4& ROS Component
<+ Node

[l ~dd ROS publisher topic

command -y /diagnostics [l ~dd ROS subscriber topic
/scan_unified = [l 2dd ROS service server

marker
set_light debug [l ~dd ROS service client
stop_mode debugMulti

.Add ROS action server
.Add ROS action client
ﬁgﬁ}-\dd ROS Parameter

& cob_light cob_light.cpp 2 =5
H

= class cob light : public rclcpp::Node {
public:
e cob_light() : Node("cob light") {
diagnostics = this->create publisher<diagnostic msgs::msg::DiagnosticArray=("/diagnostics”,18);
marker = this->create publisher<visualization msgs::msg::Marker=("marker", 18);
debug_ = this->create publisher<std msgs::msg::ColorRGBA=>{"debug",18);
debugMulti_ = this->create_publisher<cob light::msg::ColorRGBAArray=>("debugMulti”, 18);
command_ = this->create subscription<cob light::msg::ColorRGBAArray>("command", 1@, std::bind(&cob light::command_cal
scan_unified = this-=create subscription<sensor msgs::msg::lLaserScan>("/scan unified", 18, std::bind({&cob light::sca
set_light_ = this-»create_service<cob light::srv::SetLightMode>("set light", std::bind(&cob light::set light_handle,
stop mode = this->create service<cob light::srv::StopLightMode>("stop mode", std::bind(&cob light::stop mode handle,

timer_ = this->create wall_timer(586ms, std::bind(&cob light::timer callback, this));
}

private:
// subscriber callback
e void command_callback(const cob light::msg::ColorRGBAArray::SharedPtr msg) const {
RCLCPP_INFO(this-=get logger(), "command topic got a message");
}

rclepp: :Subscription<cob light::msg::ColorRGBAArray=::SharedPtr command  ;
// Subscriber callback
= void scan_unified_callback(const sensor msgs::msg::LaserScan::SharedPtr msg) const {
RCLCPP_INFO(this->get logger(), "/scan_unified topic got a message");
}

!

—

~ Fraunhofer

IPA



Benefits and applications

2) Identify common design patterns and check specification compliance

B Large scale analysis of components (web interface)

B Compare resulted models to extract common specification patterns

B Tooling includes a function to compare models (model to common specifications)

= gcan_2d

.sr.an

PackageSet { package {
CatkinPackage scan_2d { artifact {
Artifact scan_2d { node Node { name scan_2d
publisher {
Publisher { name scan message "sensor_msgs.lLaserScan"

332333

#® Specification checker
Validate the file:
teraranger_evo.ros
for the specifications model:
Laser2DScan.ros
ERRORS:

-ERROR: missed a publisher For message type:
sensor_msgs/Laserscan

OK

\
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Benefits and applications
3) Diffuse best practices

re.% cob_light l¢l cob_light.cpp L"—g MyGreatRosPackage.ros Eﬂ
. . PackageSet { package {
" ROS naming conventions =] CatkinPackage diagnotics pub { artifact {
=] Artifact diagnostics {
& © node Node { name DiagnosticsMNode

| 1

& The name of a node should follow the ROS naming conventions: Capital letters are not recommended

Press 'F2' for Focus
®m By default only load the common interfaces (msgs/srvs/actions)

=l *MyGreatRosPackage.ros Eﬂ]

PackageSet { package {
=] CatkinPackage diagnotics pub { artifact {
=] Artifact diagnostics {
=] node Node { name diagnostics node
=] publisher { Publisher {
name diagnostics message dia
_ 1

D & =

4 DiagnosticArray - diagnostic_msgs.DiagnosticArray
4 DiagnosticStatus - diagnostic_msgs.DiagnosticStatu:

10
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5 Project Explorer 2 = B
S
*iZZ de.fraunhofer.ipa.ros.communic
~iscan_system demo
» =i Project Dependencies
» =components
v=rosnodes
» 2 diagnostic_aggregator.ros
» 2scan_unifier.ros
[2'sick_s300.ros
v (= src-gen
{#fscan_compositioninstall.sh
¥ 5] representations.aird
» 2scan_composition.rossystem

-

[QuickAccess || ® & (@

£ new RosSystem E@] [El scan_composition.launch

=

8

vl yMi~M~ ™ &~ B wiE X% BI A~vA &S~ sgv— @

scan_Ffront

aggregator_node

scan_front/scan
.diagnostiu

diagnostics diagncsti(s_toplevel_stater

scan_unifier_node

scan_rear

scani

scan_rearf/sca ri#:i

diagnoskics

scan

2% |Ge Palette

I

MRAD -

= Tools
¢ Topic Connection
4 Service Connection
4 ActionConnection
<4 New Component

[ Properties 22 & Console

4 Ros Publisher scan_rear/scan
|

Main ~ Properties
Semantic
Publisher: @ < Publisherscan
Skyle
Appearance Name: @ scan_rear/scan

Ns: @ 'scan_rear

a
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&5 Project Explorer 52 SE 6B EE

3 de.fraunhofer.ipa.ros.communication.objects
~&scan_system_demo
+ =) Project Dependencies
} (= components
~=rosnodes
+ M diagnostic_aggregator.ros
» ®scan_unifier.ros
~ ®sick_s300.ros
» 4 Package Set
~[=sre-gen
{# scan_compositioninstall.sh
} |4 representations.aird
¥ ¥ scan_compaosition.rossystem

s Qi g il i oo YD

Quick Access i1

& new RosSystem 2@] [E) scan_composition.launch

BB~ O~ B &~

scan_front

scan_fronk/scan|

diagnostics|

scan_rear

scan_rear/scan|

diagnostics|

aggregator_node

.diagnustins

diagnostics_to plevelfstale!

scan_unifier_node

scani

scan2

¥ Palette

FEEEEE

& Tools
<+ Topic Connection
<+ Service Connection
+ ActionConnection
4 New Component

Documentation
Rulers & Grid

O Properties 22 & Console

4+ Ros System scan_composition
|

Main ~ Properties

Semantic
Behaviors

Appearance

Name: @ scan_composition
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Benefits and applications

5) Interoperability with other frameworks S %N
Wz

=PAICE

B Auto-translation of all the nodes or system to a generic concept of a component Celordertdureh
L

t

Bundesministerium
fiir Wirtschaft
und Energie

Component defined as the interfaces that offer to interact with it (inputs and outputs) *

Allow modularity (systems of components/sub-systems/systems)

aufgrund eines Beschlusses
des Deutschen Bundestages

B Working example with SeRoNet

Model-to-model automatic transformation for communication objects (msgs and srvs)

described using primitives: Int, Bool,String...

Model-to-model semi-automatic transformation for components (“bridge” from ROS interfaces))

*Influenced by the OMG Specification for Deployment and Configuration of Component-based Distributed Applications ==
Y P ploy J P PP ~ Fraunhofer
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Summary

v" Reuse hand-written code - bottom-up approach

v Improve the understanding of what will happen at runtime
v" Components composition and generate roslaunch files

v Check the use of common patterns/specifications

v Encapsuling ROS manually written "everyday code" in a formal structure for the interoperability with
component-based frameworks

—
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Future work

B Complete and complement HAROS

B ROS2 extension
Extractor support for ROS2 (HAROS latest release)
Generate ROS2 “launch” files

M Tooling eclipse-independent (e.g. web-service)
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https://github.com/ipa320/ros-model

Bugs? Contributions? Ideas for new applications?

‘ B OPEN ISSUES: https:/github.com/ipa320/ros-model/issues
B CONTACT ME: M. Sc. Nadia Hammoudeh Garcia

Project Leader
Robot and Assistive Systems

nadia.hammoudeh.garcia@ipa.fraunhofer.de

https://github.com/ipa-nhg

THANKS!

N ~ Fraunhofer
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